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FOREWORD 

The i n s u l a t i o n  development work desc r ibed  h e r e i n ,  which w a s  conducted 
by t h e  S o l i d  Rocket D iv i s ion  of Aerojet-General Corporat ion,  w a s  performed 
under NASA Con t rac t  NAS3-11224. 
ment of t h e  NASA P r o j e c t  Manager, M r .  J. J. Pelouch, J r . ,  Chemical Propuls ion 
Divis ion,  NASA-Lewis Research Center.  

The work w a s  accomplished under t h e  manage- 

S p e c i a l  acknowledgements f o r  work accomplished i n  Task I1 are accorded 
t o  Messrs. P .  L .  Smith and J. A .  Conyers f o r  planning and conduct of t h e  insu- 
l a t i o n  material process  e v a l u a t i o n  demonstrat ions,  and t o  Messrs. R .  B. Henderson 
and W. T. Jacobs of The DeVilbiss Company, San Jose ,  C a l i f o r n i a ,  f o r  t h e i r  
cooperat ion and a s s i s t a n c e  i n  development of spray techniques f o r  IBS-107 and 
IBS-109 i n s u l a t i o n  materials. 
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ABSTRACT 

A program t o  develop a cost-optimized i n s u l a t i o n  system f o r  l a r g e  s o l i d  
rocke t  motors w a s  conducted by Aerojet-General Corp. under Cont rac t  NAS3-11224. 
Four t a s k s  w e r e  der ived  t o  accomplish t h e  program ob jec t ive :  Task I ,  Survey 
and Screening;  Task 11, Process  Demonstration; Task 111, Material Performance 
Determination; and Task I V Y  P repa ra t ion  of 260-in.-dia f u l l - l e n g t h  motor insu-  
l a t i o n  system Design and Process  P lan .  Task I1 is t h e  s u b j e c t  of t h i s  volume 
of  t h e  f i n a l  r e p o r t .  This  inc luded  process  e v a l u a t i o n  demonst ra t ions .  Process  
eva lua t ions  w i t h  IBT-106 showed t h i s  material and process  t o  be  a prime con- 
s i d e r a t i o n  f o r  l a r g e  motor s i d e w a l l  i n s u l a t i o n  and p r o p e l l a n t  boot  a p p l i c a t i o n s .  
Troweled IBT-100 and TI-H704B and cast  I B C - 1 1 1  and 40SD-80 provided adequate  
dome i n s u l a t i o n .  Demonstrations of t h e  sp rayab le  materials , IBS-107 and IBS- 
109, as s i d e w a l l  i n s u l a t i o n  i n d i c a t e d  t h a t  more development work is  necessary  
b e f o r e  sp ray  a p p l i c a t i o n  can be  adapted f o r  use  i n  l a r g e  motors.  

NASA r e p o r t  numbers and corresponding volume numbers are as follows; 

CR- 7 2 5 81 Yolume I 

CR- 72 582 Volume I1 

CR- 7 2 5 8 3 

CR- 72 5 84 

Volume 111 

Volume I V  

V 
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I. SUMMARY 

The o b j e c t i v e  of t h e  Large Motor I n s u l a t i o n  System Development (LMISD) 
Program is t o  e v a l u a t e  low-cost i n s u l a t i o n  materials which are a p p l i c a b l e  t o  
l a r g e  so l id -p rope l l an t  rocke t  motors. Four t a s k s  were de r ived  t o  accomplish 
t h e  planned o b j e c t i v e .  Task I, which i s  desc r ibed  i n  Volume I of t h i s  r e p o r t ,  
involved a survey of a v a i l a b l e  materials a p p l i c a b l e  t o  l a r g e  motors; s e l e c t i o n  
of twenty cand ida te  materials, i nc lud ing  Gen-Gard V-44 and V-61 as c o n t r o l s ;  
measurement of cand ida te  material p h y s i c a l ,  chemical,  mechanical,  thermal,  and 
adhesive p r o p e r t i e s ;  e v a l u a t i o n  of material e r o s i o n  r e s i s t a n c e  i n  t h r e e  s o l i d -  
p r o p e l l a n t  motor tests; e v a l u a t i o n  of p rope r ty  measurement and motor test d a t a ;  
and s e l e c t i o n  of twelve materials, inc lud ing  V-44 c o n t r o l ,  f o r  f u r t h e r  evalu- 
a t i o n  i n  Tasks I1 and 111. I n  Task 11, which i s  t h e  s u b j e c t  of t h i s  volume, 
cand ida te  materials s e l e c t e d  i n  Task I were i n s t a l l e d  i n t o  a 54-in.-dia motor 
chamber. Task I11 inc ludes  material performance de te rmina t ions  i n  f i v e  s o l i d -  
p r o p e l l a n t  motor tests. Task I V  is  t h e  p r e p a r a t i o n  of a 260-in.-dia f u l l  l e n g t h  
motor cost-optimized i n s u l a t i o n  system des ign  and process  p l an ,  u s ing  materials 
s e l e c t e d  on t h e  b a s i s  of d a t a  ob ta ined  from Tasks I1 and 111. 

The fol lowing materials w e r e  recommended f o r  process  e v a l u a t i o n  i n  Task 11: 

Trowelable Cas t a b l e  Sprayable 

IBT-100 IBC-101 IBS-107 
IBT-106 I B C - 1 1 1  IBS- 10 9 
TI-H704B 40SD-80 Avcoat I1 

100 t o  300 l b  of each m a t e r i a l w e r e i n s t a l l e d  i n t o  v a r i o u s  s e c t i o n s  of a 54-in.- 
d i a  demonstration test chamber, u s ing  i n s t a l l a t i o n  techniques which were a p p l i -  
c a b l e  t o  l a r g e  motors and t o  t h e  s p e c i f i c  material being eva lua ted .  
A-2PY f i r s t - s t a g e ,  steel case, SN 1PA2-58, w a s  r e h a b i l i t a t e d ,  c l eaned ,  and 
primed wi th  F u l l e r  162-Y-22 f o r  u se  as t h e  54-in.-dia test  chamber. 
t i o n  materials were mixed i n  a 30-gal Baker-Perkins ver t ical  ba t ch  mixer. 
A f t e r  mixing, a p r e s s u r e  diaphragm w a s  i n s t a l l e d ,  and material w a s  extruded 
ou t  of t h e  mix-bowl bottom draw o f f  f o r  t roweling and c a s t i n g  demonstrat ions.  
A Cowles Di s so lve r  w a s  used t o  mix t h e  smaller ba tches  of IBS-107 and IBS-109 
r equ i r ed  f o r  t h e  sp ray  demonstrat ions.  

A P o l a r i s  

Insula-  

Ten i n s u l a t i o n  material process  e v a l u a t i o n  demonstrat ions w e r e  conducted 
as descr ibed b r i e f l y  i n  t h e  fol lowing paragraphs.  

A .  IBT-106 was evaluated as a t rowe lab le  s i d e w a l l  i n s u l a t o r .  Material 
w a s  f ed  i n t o  a 12-in.-wideY modified l i n e r  t rowel ,  and extruded through a s l o t  
a t  t h e  back of t h e  t rowel  w h i l e  t h e  chamber w a s  manually r o t a t e d  on t u r n i n g  
r o l l s .  The t rowel  e x i t  s l o t  w a s  s i z e d  t o  o b t a i n  a 0.25-in.-thick p l y  of IBT-106. 
A f t e r  48 h r  cu re  a t  135'F, t h e  IBT-106 s h e e t s  were s t r i p p e d  and in spec ted .  
Material th i ckness  ranged from 0.25-in. a t  t h e  c e n t e r  of each 12-in.-wide s t r i p  
t o  0.17-in. a t  t h e  j o i n t  between a d j a c e n t  s t r i p s .  The th i ckness  r educ t ion  

Page 1 
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I. Summary (cont)  

appa ren t ly  was caused by removal of a 1.0-in.-high r i d g e  of material formed 
during i n s t a l l a t i o n .  There were no s i g n i f i c a n t  s u r f a c e  d i s c o n t i n u i t i e s ,  and 
sec t ioned  specimens showed t h e  material w a s  v o i d  f r e e .  To improve t h i s  method 
of s i d e w a l l  i n s u l a t i o n  a p p l i c a t i o n ,  constant-speed motor d r i v e n  t u r n i n g  r o l l s ,  
a weighted, mobile t rowel ,  and s p i r a l  s t r i p  p a t t e r n s  were requ i r ed .  

B. IBT-100 w a s  eva lua ted  as a t rowelable  dome i n s u l a t o r .  Material 
w a s  extruded i n t o  t h e  chamber dome, and a sweep t empla t e / t rowe l ,  mounted and 
cen te red  i n  t h e  i g n i t e r  boss ,  w a s  used t o  d i s t r i b u t e  approximately 180 l b  of 
IBT-100 t o  t h e  d e s i r e d  conf igu ra t ion .  The t h i c k e s t  s e c t i o n  w a s  4.0-in., tap- 
e red  t o  0.5-in. a t  t h e  s i d e w a l l .  Overlapping and side-by-side passes were 
used t o  ex t rude  IBT-100 i n t o  t h e  dome; post-cure i n s p e c t i o n  revealed t h e  over- 
l app ing  technique produced a d e f e c t - f r e e  specimen. 

C .  I B C - 1 1 1  and 4 0 S D - 8 0  were evaluated as c a s t a b l e  dome i n s u l a t o r s  i n  
a f i b e r g l a s s  mold f a b r i c a t e d  us ing  t h e  IBT-100 segment as a mandrel. 
mately 150 l b  each of I B C - 1 1 1  and 4 0 S D - 8 0  were bottom-cast from t h e  mix bowl 
through 1.0-in.-dia tubing.  Post-cure r ad iog raph ic  i n s p e c t i o n  and i n s p e c t i o n  
of c u t  specimens showed t h a t  t h e  c a s t  materials were void- and de fec t - f r ee .  
Mechanical p rope r ty  tests conducted on 4 0 S D - 8 0  specimens taken from t h e  cured 
segment showed s i g n i f i c a n t  "hardening" between small and l a r g e  b a t c h  p rocess ing  
of t h i s  material, appa ren t ly  caused by t h e  high exothermic cu re  r e a c t i o n .  
Although t h e  s h o r t  p o t  l i f e  of 4 0 S D - 8 0  is u n d e s i r a b l e ,  t h e  "hardening" e f f e c t  
does n o t  p r o h i b i t  t h e  u s e  of c a s t a b l e  4 0 S D - 8 0  i n  l a r g e  motor a p p l i c a t i o n s .  

Approxi- 

D.  IBT-106 w a s  demonstrated as a t rowe lab le  p r o p e l l a n t  boo t .  A sweep 
template/ t rowel ,  w i th  a 0.25-in. cons t an t  stand-off d i s t a n c e  from t h e  r e l e a s e d  
dome s u r f a c e  was mounted and centered i n  t h e  i g n i t e r  boss .  IBT-106 w a s  ex- 
t ruded from t h e  mix bowl i n  f r o n t  of t h e  template  and troweled i n t o  a 0.25-in.- 
t h i c k  s imulated p r o p e l l a n t  boot .  
minor underside s u r f a c e  d e f e c t s ,  appa ren t ly  caused by material adhering t o  t h e  
t rowel  and p u l l i n g  away from t h e  r e l e a s e d  s u r f a c e .  
de r ived  from t h i s  demonstration. F i r s t ,  t h e  t rowe l  c o n f i g u r a t i o n  should be 
modified to  reduce t h e  area of t h e  t rowel  i n  c o n t a c t  w i t h  IBT-106. Second, 
t h e  amount of material extruded i n  t h e  dome i n  f r o n t  of t h e  trowel should 
b e  as s m a l l  as p o s s i b l e  t o  minimize t h e  f o r c e  r equ i r ed  t o  move t h e  t rowe l .  

Post-cure i n s p e c t i o n  r evea led  only s e v e r a l  

Two process  changes w e r e  

E. A combined demonstration of IBT-100 as a t rowe lab le  dome i n s u l a t o r  
and IBT-106 as a t rowe lab le  p r o p e l l a n t  boot  was conducted t o  s i m u l a t e  as n e a r l y  
as p o s s i b l e  t h e  sequence of p rocess ing  ope ra t ions  t h a t  would b e  encountered i n  
an a c t u a l  motor. IBT-100 w a s  troweled i n t o  t h e  dome as p rev ious ly  descr ibed 
and overlapping passes  were used t o  o b t a i n  a d e f e c t - f r e e  demonstration. A f t e r  
48 h r  cu re  a t  135"F, DC-Q-92 S i l i c o n e  release w a s  a p p l i e d  t o  t h e  i n s u l a t i o n  
s u r f a c e .  IBT-106 w a s  troweled over t h e  r e l e a s e d  i n s u l a t i o n  s u r f a c e  t o  form a 

Page 2 
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I . E .  (Cont) 

0.25-in.-thick p r o p e l l a n t  boot .  When t h e  cured IBT-106 boot was p u l l e d  away 
from t h e  r e l e a s e d  IBT-100 i n s u l a t i o n  s u r f a c e ,  no s u r f a c e  d e f e c t s  were observed. 
The success  of t h i s  combined process  e v a l u a t i o n  w a s  a s i g n i f i c a n t  s t e p  i n  
demonstrating t h e  f e a s i b i l i t y  of u s ing  low-cost, t rowe lab le  materials i n  l a r g e  
motors. 

F. IBS-107 and IBS-109 w e r e  demonstrated as sp rayab le  s i d e w a l l  insu-  
l a t o r s .  Process  development work r equ i r ed  f o r  sp ray  a p p l i c a t i o n  of t h e s e  
materials were accomplished by t h e  DeVilbiss Company, San J o s e ,  C a l i f o r n i a .  
Approximstely e i g h t  t r i a l  pane l s ,  w i th  varying amounts of s o l v e n t  r e d u c t i o n  
and f l u i d  temperatures ,  w e r e  completed by DeVilbiss eng inee r s  b e f o r e  a c c e p t a b l e  
r e s u l t s  were obtained.  DeVilbiss eng inee r s ,  using t h e i r  equipment, sprayed a 
0.25-in.-thick s e c t i o n  of s i d e w a l l  i n s u l a t i o n  w i t h  IBS-109 i n  t h e  54-in.-dia 
case. Approximately 30 min a f t e r  a p p l i c a t i o n ,  t h e  material nea r  t h e  v e r t i c a l  
began t o  s a g ,  and e v e n t u a l l y  slumped i n t o  t h e  bottom of t h e  case. IBS-107 was 
app l i ed  t o  t h e  s i d e w a l l  t o  a th i ckness  of 0.05-in. and then  r o t a t e d  t o  t h e  
overhead and v e r t i c a l  p o s i t i o n s .  No  slump o r  s ag  w a s  observed. However, some 
of t h e  material dr ipped t o  t h e  bottom of t h e  case. 

Three conclusions were gathered from t h e s e  demonstrat ions.  F i r s t ,  
m u l t i p l e  a p p l i c a t i o n s  of sp rayab le  material a r e  r equ i r ed ,  w i th  a t  least  a 
24-hr ambient g e l  t i m e  between a p p l i c a t i o n s .  0.05 t o  0.07-in.-thicknesses 
can be sprayed a t  each a p p l i c a t i o n .  
g e l  and c u r e  is  requ i r ed  t o  prevent  material running o r  d r ipp ing .  Third,  t h e  
s o l v e n t  used t o  reduce material v i s c o s i t y  is  f lushed-off  during t h e  sp ray  
ope ra t ion ,  s o  t h a t  t h e  material app l i ed  t o  t h e  s i d e w a l l  is  f r e e  of r e s i d u a l  
s o l v e n t s .  

Second, c o n t i n u a l  chamber r o t a t i o n  du r ing  

G. TI-H704B w a s  demonstrated as a t rowe lab le  dome i n s u l a t o r .  The 
sweep template/ t rowel  used f o r  i n s t l l a t i o n  of IBT-100 also w a s  used f o r  t h i s  
process  eva lua t ion .  D i f f i c u l t y  wi th  t h i s  t roweling process  i n d i c a t e d  t h a t  a 
pneumatic tamping process  f o r  TI-H704B i n s t a l l a t i o n  is  requ i r ed .  

H. IBT-106 w a s  demonstrated as a s i d e w a l l  i n s u l a t o r .  This w a s  a 
r e p e a t  of the f i r s t  s i d e w a l l  process  e v a l u a t i o n ,  except  t h a t  t h e  material w a s  
app l i ed  i n  continuous s p i r a l  pas ses  through a s l i g h t l y  modified t rowel  con- 
f i g u r a t i o n  designed t o  minimize t h e  s i z e  of t h e  r i d g e  formed between a d j a c e n t  
s t r i p s .  One c i r c u m f e r e n t i a l  and t h r e e  s p i r a l  s t r i p s  were a p p l i e d .  The cured 
IBT-106 w a s  f r e e  of d e f e c t s ;  t h i ckness  v a r i e d  from 0.20 t o  0.25-in. This 
method of s i d e w a l l  i n s u l a t i o n  a p p l i c a t i o n  appears  very a t t r a c t i v e  f o r  l a r g e  
motors. 
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11. INTRODUCTION 

A .  PURPOSE OF REPORT 

This document is the second volume in a series of final reports 
dealing with the major taskg of the Large Motor Insulation System Development 
(LMISD) Program, Contract NAS3-11224. This series of reports constitutes the 
LMISD Program final report. 
LMISD Program, 

This report summarizes the Task I1 effort for the 

B. SCOPE OF EFFORT 

This report volume summarizes the Task I1 effort for the LMISD 
Program. The following work was accomplished: 

1. Preparation of the 54-in.-dia Polaris AZP, first-stage chamber. 

2. Demonstration of IBT-106 as a trowelable sidewall insulator. 

3 .  Demonstration of IBT-100 as a trowelable forward/aft dome 
insulator. 

4. Demonstration of IBC-111 as a castable forward/aft dome 
insulator. 

5. Demonstration of 40SD-80 as a castable forward/aft dome 
insulator. 

6. Demonstration of IBT-106 as trowelable propellant boot material. 

7. Composite demonstration of IBT-100 as a forward/aft dome 
insulator, with IBT-106 overlayed as a trowelable propellant 
boot. 

8. Demonstration of IBS-109 as a sprayable sidewall insulator. 

9. Demonstration of IBS-107 as a sprayable sidewall insulator. 

10. Demonstration of TI-H704B as a trowelable forward/aft dome 
insulator. 

11. Demonstration of IBT-106 as a trowelable sidewall insulator. 

Page 4 



NASA CR-72582 

111. ASSOCIATED OPERATIONS 

A. TEST CHAMBER PREPARATION 

Task I1 insulation material process evaluation demonstrations were 
conducted in a 54-in.-dia, 120-in.-long Polaris A2P, first-stage steel chamber. 
The chamber originally was processed and test fired as Polaris Motor SN 1PA2-58. 
Residual liner and epoxy bonded V-44 rubber were removed from the chamber prior 
to initiating the process evaluation operations. 

The chamber was moved into Aerojet's 55-in.-dia autoclave and 
heated to approximately 400°F to break-down the liner and epoxy bond prior to 
removal of residual liner and insulation. The interior surface then was 
vacuum-blasted with 80-grit sand. Following removal of sand and solvent clean- 
ing, the chamber interior was primed with Fuller 162-Y-22. This was the primer 
previously used for the 260-SL motor chambers. 

B. INSULATION MATERIAL PROCESSING 

Insulation materials were dispensed in two parts; those ingredients 
which react to form the polymer were placed in two separate parts, and the 
solid filler materials were divided between the two parts. 
ver was used to blend each part into a homogeneous mixture. The two mixtures 
then were added t o  the 30 gal Baker-Perkins vertical batch propellant mixer 
and mixed under vacuum at 80°F for 30 minutes. Draw off was facilitated by 
pressure casting from the mix bowl, with the use of a diaphragm and air pres- 
sure. 

The Cowles dissol- 

IV . PROCESS EVALUATION 

Evaluation of processing techniques was conducted for the ten materials 
recommended as a result of 
Volume I of this final report. The following materials were recommended and 
approved for Task I1 process evaluation: 

the Task I material evaluation effort reported in 

V-44 Control, NBR/silica/asbestos 
USR-3800, NBR-phenolic/boric acid 

Trowelable Group 
IBT-100 , PBAN-epoxy/Sb203/Asbes tos 
IBT-106, PBAN-epoxy/Sb203/Asbes tos 

TI-H704B, PBAA/Carbon black/Asbestos 
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1V. Process Evaluation (cont) 

Castable Group 

IBC-101, PBAN-epoxy/Sb203/Asbestos 

IBC-111, PBAN-epoxylRefrasi1 

40SD-80, Polyurethane 

Sprayable Group 

IBS-107, CTPB/Sb203/Silica 

IBS-109, PBAN-epoxy/Sb203/Asbestos 
Avcoat 11, Epoxy-polyamide 

Ten process evaluation demonstrations were performed. 
were required €or the pressure cured or IBC-101 castable materials. 
effort was as follows: 

No process demonstrations 
The planned 

Dome Sections (6 materials with 5 demonstrations) 
1 calendered material (V-44 w/V-61 seams, no demonstration) 
2 trowelable materials 
2 castable materials 

1 sprayable material 
Cylindrical Section (4 materials with 3 demonstrations) 

1 calendered material (V-44 w/V-61 seams, no demonstration) 
2 trowelable materials 
1 sprayable material 
Boot Section ( 3  materials with 2 demonstrations) 
1 calendered material (V-45 w/Germax seams, no demonstration) 
1 trowelable material 
1 sprayable material 

Approximately 100 to 300 lb of each mastic materialwereinstalled in 
either constant thicknesses to simulate cylindrical section and boot section 
evaluation or tapered thickness to simulate dome section evaluation. The 
following installation techniques were demonstrated: 

Troweling into place (applicable to dome, cylindrical, and boot sections) 

Ambient casting into molds and secondarily bonding into place (appli- 
cable to dQme sections only) 
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I V .  Process  Evaluat ion (cont)  

Cast ing i n t o  p l a c e  using a half-mold ( a p p l i c a b l e  t o  dome s e c t i o n s  only)  

Spraying i n t o  p l a c e  ( a p p l i c a b l e  t o  c y l i n d r i c a l  and boot s e c t i o n s )  

For a p a r t i c u l a r  material, only those  techniques t h a t  l e n t  themselves 
t o  t h e  p r o p e r t i e s  of t h e  material were demonstrated.  Uncured t roweled,  cast 
in-place,  and sprayed i n s t a l l a t i o n s  w e r e  r o t a t e d  t o  ver t ica l  and i n v e r t e d  
p o s i t i o n s  t o  e v a l u a t e  t h e  slump and s h e a r  p r o p e r t i e s  of t h e  uncured i n s t a l -  
l a t i o n  i n  a s i t u a t i o n  analogous t o  l a r g e  motor p rocess ing  c o n d i t i o n s .  
e v a l u a t i o n  included slump c h a r a c t e r i s t i c s ,  q u a l i t y ,  ease of r e p a i r ,  s p e c i a l  
t o o l s ,  c r i t i c a l  process  parameters,  process  a i d  c o s t s ,  and l a b o r  hours .  The 
fol lowing s e c t i o n s  d e s c r i b e  i n  d e t a i l  t h e  i n d i v i d u a l  process  e v a l u a t i o n  dem- 
o n s t r a t i o n s .  

The 

A .  IBT-106 SIDEWALL INSULATION DEMONSTRATION 

IBT-106 PBAN-epoxy was demonstrated as a t rowelable ,  s i d e w a l l  
i n s u l a t i o n  material. 
t i c a l  ba t ch  mixer as descr ibed p rev ious ly  i n  Sec t ion  1 I I . B  of t h i s  r e p o r t  
volume. Mixed IBT-106 w a s  fo rced  from the mixing bowl through t h e  bottom 
draw-off u s ing  a p r e s s u r e  diaphragm and f ed  i n t o  t h e  annulus of a t rowel .  
The o v e r a l l  demonstration set-up i s  shown i n  F igu re  1. The t rowel  configura- 
t i o n  i s  shown i n  F igu re  2.  The t rowe l  used f o r  IBT-106 s i d e w a l l  i n s t a l l a t i o n  
w a s  designed o r i g i n a l l y  f o r  a p p l i c a t i o n  of SD850-2 l i n e r  material i n  260-SL 
motors. 

The material was mixed i n  a 30-gal Baker-Perkins ver- 

The i n t e r i o r  s u r f a c e  of t h e  54-in.-dia chamber which w a s  t o  be 
i n s u l a t e d  w a s  r e l e a s e d  wi th  DC-Q-92, except  f o r  a 12-in.-sq s e c t i o n .  
purpose of t h e  release w a s  t o  f a c i l i t a t e  removal of t h e  cured material f o r  
i n s p e c t i o n  and p rope r ty  eva lua t ion .  Two 0.25-in.-thick by 12-in.-wide s t r i p s  
of IBT-IO6 were app l i ed  t o  t h e  chamber s i d e w a l l ,  as shown i n  F igu re  3. 

The 

When a l l  connections were complete, t h e  mix bowl w a s  p re s su r i zed  
t o  60 p s i g .  A s  material began t o  f i l l  t h e  t rowel  annulus (Figure 3 ) ,  t h e  
chamber w a s  manually r o t a t e d ,  wh i l e  an ope ra to r  i n s i d e  t h e  chamber c o n t r o l l e d  
t h e  t rowel .  A f t e r  t h e  f i r s t  s t r i p  w a s  a p p l i e d ,  mix bowl p r e s s u r e  w a s  r e l i e v e d ,  
and excess  material w a s  removed from t h e  t rowel .  The t rowel  w a s  moved t o  t h e  
nex t  s t r i p  p o s i t i o n ,  and t h e  foregoing procedure w a s  repeated.  The t rowel  
and a c t u a l  demonstration are shown i n  F igu re  4 .  A 1.0-in.  ove r l ap  between 
t h e  f i r s t  and second s t r i p s  w a s  allowed. 
a r i d g e  approximately 1.0-in. h igh  w a s  formed a t  t h e  ove r l ap  between s t r i p s :  

A s  shown i n  t h e  fol lowing ske tch ,  

Approximately 1.0-in. 

This r i d g e  w a s  removed by us ing  a s p a t u l a  w e t  w i th  t r i c h l o r e t h y l e n e  s o l v e n t .  
The completed s i d e w a l l  i n s u l a t i o n  w a s  wiped wi th  s o l v e n t  t o  o b t a i n  a c l ean ,  
smooth s u r f a c e .  
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1V.A. IBT-106 Sidewall  I n s u l a t i o n  Demonstration ( con t )  

The completed demonstration u n i t  w a s  allowed t o  s t a n d  f o r  48 h r  
a t  ambient temperature.  
sag.  The chamber w a s  no t  r o t a t e d  a t  any t i m e ,  s o  t h a t  material a t  90, 180, and 
270 degrees remained i n  t h a t  p o s i t i o n  f o r  t h e  e n t i r e  48 h r  ambient c u r e  cyc le .  
The ends of t h e  chamber then were enclosed wi th  plywood covers ,  and 135'F a i r  
w a s  c i r c u l a t e d  through t h e  chamber i n t e r i o r  f o r  48 h r .  A f t e r  c u r e ,  t h e  IBT-106 
w a s  s t r i p p e d  from t h e  chamber as shown i n  F igu re  4 ,  except  f o r  t h e  unreleased 
12-in.-sq s e c t i o n .  

During t h i s  pe r iod  t h e r e  w a s  no evidence of slump o r  

The cured IBT-106 w a s  s e c t i o n e d  every 12-in. around t h e  circum- 
f e rence ,  and each s e c t i o n  then  w a s  c u t  l o n g i t u d i n a l l y  along t h e  j o i n t  between 
s t r i p s .  Thickness measurements ranged from t h e  d e s i r e d  0.25 t o  0.17-in. The 
0.17-in. t h i ckness  occurred a t  t h e  j o i n t  between s t r i p s ,  and t h i s  t h i c k n e s s  
r educ t ion  appa ren t ly  w a s  caused when t h e  r i d g e  w a s  removed wi th  s p a t u l a s .  
A l l  s e c t i o n s  were f r e e  of d e f e c t s ,  except  f o r  i s o l a t e d  i n s t a n c e s  of minute 
vo ids  observed along t h e  j o i n t  between s t r i p s .  Since t h e s e  minute vo ids  were 
loca ted  only a long  t h e  j o i n t ,  i t  w a s  concluded t h a t  they w e r e  caused by t h e  
r i d g e  removal ope ra t ion .  
from t h e  process  demonstration are shown i n  Figure 5.  Included i n  F igu re  5 
f o r  comparison are t h e  mechanical p rope r ty  v a l u e s  quoted by t h e  material 
s u p p l i e r  and t h e  va lues  obtained from Task I p rope r ty  tests. 

The mechanical p r o p e r t i e s  of IBT-106 specimens taken 

Three improvements were apparent  f o r  t h i s  i n s t a l l a t i o n  p rocess .  
F i r s t ,  constant-speed, motor d r i v e n  t u r n i n g  r o l l s  such as those  used f o r  t h e  
260-SL motor are e s s e n t i a l  t o  c o n t r o l  t h r  t rowel  speed i n  r e l a t i o n  t o  t h e  
material flow rate t o  t h e  t rowel .  For t h e  IBT-106 demonstrat ion,  t h e  chamber 
w a s  r o t a t e d  manually, making it  necessary f o r  t h e  o p e r a t o r  i n s i d e  t h e  chamber 
t o  a d j u s t  t h e  speed of t h e  t rowe l ,  wh i l e  a t  t h e  same t i m e  maintaining h i s  ba l -  
ance and maintaining p r e s s u r e  on t h e  t rowel .  Second, a weighted t rowel  i s  
necessary t o  prevent  "f loat ing".  
ad jus t ed  p rope r ly ,  t h e  tendency f o r  t h e  t rowel  t o  ' ' f loa t ' '  i s  reduced s i g -  
n i f i c a n t l y .  The a d d i t i o n  of weights  w i l l  i n s u r e  t h a t  t h e  t rowel  r i d e s  on 
t h e  chamber w a l l  a t  a l l  t i m e s .  Third,  a s p i r a l  s t r i p  p a t t e r n  e l i m i n a t e s  t h e  
n e c e s s i t y  of s topp ing  t h e  chamber, moving t h e  t rowel  t o  t h e  a d j a c e n t  p o s i t i o n ,  
and cont inuing t h e  nex t  s t r i p .  

When r o t a t i o n  speed and material flow are 

With t h e s e  improvements, t h i s  method of t roweling IBT-106 as motor 
chamber s i d e w a l l  i n s u l a t i o n  appeared very a t t rac t ive .  The elapsed t i m e  re- 
qu i r ed  t o  apply two9 12-in.-wide s t r i p s  t o  t h e  chamber s i d e w a l l  (4070-in.2) 
w a s  10 min; t h i s  t i m e  included moving t h e  t rowel  a f t e r  t h e  f i r s t  s t r i p  w a s  
i n s t a l l e d .  P r o j e c t i n g  t h i s  t i m e  l a  se t o  t h e  1066-in.-long (tangent-to-tangent) 

span t i m e s  were est imated:  
260-FL motor s i d e w a l l  (%870,000-in. 8 ), t h e  fol lowing conse rva t ive  i n s t a l l a t i o n  
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1V.A.  IBT-106 Sidewall  I n s u l a t i o n  Demonstration (cont)  

Setup T i m e  
- H r  S h i f t s  

8 1 

Appl i ca t ion  T i m e  36 4.5 

Cure a t  Ambient 24 3 

a t  135°F 48 6 

Clean-up Time  8 1 

T o t a l  Estimated Span T i m e  124 15.5 

Approximately 4000 t o  4300 l b  of IBT-106 can b e  mixed i n  one bowl a t  t h e  Ver- 
t i c a l  Mix S t a t i o n s ,  r e s u l t i n g  i n  a requirement f o r  approximately 1.5 t o  2 
ba t ches  f o r  t h e  260-FL motor s idewa l l .  

3. IBT-100 DOME INSULATION DEMONSTRATION 

IBT-100 w a s  demonstrated as a t rowe lab le ,  forward and a f t  head in -  
s u l a t o r .  The material w a s  mixed i n  a 30-gal Baker-Perkins v e r t i c a l  ba t ch  mixer 
as p rev ious ly  descr ibed.  Mixed IBT-100 w a s  forced from t h e  mixing bowl through 
t h e  bottom draw-off u s ing  a p r e s s u r e  diaphragm, and f e d  through a nozz le  i n t o  
t h e  head of t h e  motor; t h e  o v e r a l l  demonstration set-up is  shown i n  Figure 6.  

The i n t e r i o r  s u r f a c e  of t h e  54-in.-dia chamber forward head which 
w a s  i n s u l a t e d  w a s  r e l e a s e d  wi th  DC-Q-92, except  f o r  a 12-in.-sq s e c t i o n .  The 
purpose of t h e  release w a s  t o  f a c i l i t a t e  removal of t h e  cured material f o r  
i n s p e c t i o n  and p rope r ty  e v a l u a t i o n .  

A s  shown i n  F igu re  7 ,  approximately one-third of t h e  dome s e c t i o n  
w a s  i n s u l a t e d .  The t h i c k e s t  s e c t i o n  w a s  4.0-in., t ape red  t o  0.5-in.  a t  t h e  
s idewa l l .  
t h e  forward boss of t h e  dome. A pneumatic v i b r a t o r  w a s  mounted on t h e  t rowel  
t o  minimize material accumulation on t h e  t rowel  during t h e  ope ra t ion .  The 
material w a s  a p p l i e d  t o  t h e  chamber through a 2-in.-dia nozz le ;  t h e  mix bowl 
w a s  p r e s s u r i z e d  t o  60 p s i g .  A s  shown i n  Figure 8 ,  two methods of d i s t r i b u t i n g  
t h e  material were t r i e d .  The f i r s t  method w a s  a side-by-side p a s s  (Figure 8 A ) ;  
t h e  second w a s  an overlapping pass  (Figure 8B). 
i n s t a l l  180 l b  i n  t h e  chamber dome w a s  60 min. P ro jec t ed  t o  a f u l l - l e n g t h  
motor, t h e  e s t ima ted  span t i m e s  r equ i r ed  t o  i n s u l a t e  t h e  domes based on t h i s  
demonstration i s  as fol lows:  

The contour w a s  c o n t r o l l e d  by a manual template/ t rowel  mounted i n  

The e l apsed  t i m e  r equ i r ed  t o  

Page 9 



NASA CR-72582 

1V.B.  IBT-100 Dome Lnsulat ion Demonscration ( c o a t )  

Setup T i m e  
- H r  S h i f t s  

8 1 

Apply/Trowel I n s u l a t i o n  24 3 

Cure a t  Ambient 24 3 

a t  135°F 48 6 

1 

T o t a l  Estimated Span Time  108 14 
- 8 Clean-up T i m e  - 

When t h e  d e s i r e d  c o n f i g u r a t i o n  w a s  achieved, t h e  s u r f a c e  w a s  washed w i t h  tri- 
ch lo re thy lene  s o l v e n t  t o  o b t a i n  a c l e a n ,  smooth s u r f a c e .  The completed demon- 
s t r a t i o n  w a s  cured i n  a 135°F oven f o r  48 h r .  

A f t e r  cu re ,  t h e  per iphery of t h e  segment w a s  trimmed t o  o b t a i n  
c l e a n ,  d i s t i n c t  edges,  Release material w a s  app l i ed  and f i b e r g l a s s  w a s  layed- 
up over t h e  IBT-100 segment t o  form t h e  mold f o r  subsequent c a s t i n g  demonstra- 
t i o n s .  The cured f i b e r g l a s s  mold w a s  s t r i p p e d  from t h e  segment, then t h e  seg- 
ment was removed from t h e  chamber. 

In spec t ion  of t h e  backside s u r f a c e  and r ad iog raph ic  i n s p e c t i o n  of 
t h e  IBT-100 segment r evea led  d e f e c t s  a s s o c i a t e d  wi th  t h e  side-by-side method 
of d i s t r i b u t i n g  material. The d e f e c t  and t h e  o r i g i n  of t h e  d e f e c t  are dep ic t ed  
schemat i ca l ly  i n  F igu re  8A. A s  each bead of material w a s  a p p l i e d ,  a void space 
w a s  formed, and material d i s p e r s i o n  wi th  t h e  t rowel  f a i l e d  t o  e l i m i n a t e  t h i s  
d e f e c t .  In t h e  area of t h e  IBT-100 segment where material w a s  app l i ed  by over- 
l app ing  passes  (Figure 8B), no d e f e c t s  were observed. 

The mechanical p r o p e r t i e s  of IBT-100 specimens taken from t h e  dem- 
o n s t r a t i o n  are included i n  F igu re  5. 

C .  I B C - 1 1 1  DOME INSULATION DEMONSTRATION 

I B C - 1 1 1  was demonstrated as a c a s t a b l e ,  forward and a f t  head insu-  
l a t o r .  The material w a s  mixed i n  a 30-gal Baker-Perkins v e r t i c a l  b a t c h  mixer,  
fo rced  from t h e  mixing bowl through t h e  bottom draw-off u s ing  a p r e s s u r e  dia-  
phragm, and bottom-cast i n t o  a f i b e r g l a s s  mold i n s t a l l e d  i n  t h e  head of t h e  
motor. The o v e r a l l  demonstration set-up i s  shown i n  F igu re  9 .  

The i n t e r i o r  s u r f a c e  of t h e  54-in.-dia chamber forward head which 
w a s  t o  be i n s u l a t e d  was r e l e a s e d  wi th  RTV s i l i c o n e  rubber ,  except  f o r  a 12-in.  
s q  s e c t i o n .  
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1V.C.  I B C - 1 1 1  Dome I n s u l a t i o n  Demonstration ( con t )  

A s  shown i n  F igu re  10, approximately one-third of t h e  dome s e c t i o n  
w a s  i n s u l a t e d .  The t h i c k e s t  s e c t i o n  w a s  4.0-in. ,  tapered t o  0.5-in. a t  t h e  
s idewa l l .  The contour w a s  c o n t r o l l e d  by t h e  f i b e r g l a s s  mold, which w a s  s e a l e d  
i n  p o s i t i o n  w i t h  RTV-732 s e a l a n t .  

One hundred twenty pounds of I B C - 1 1 1  w a s  bottom-cast i n t o  t h e  mold 
through 1-in.-dia p l a s t i c  tubing.  
t a i n e d  a t  20 p s i g  u n t i l  t h e  i n t e g r i t y  of a l l  connections w a s  v e r i f i e d ;  then 
p r e s s u r e  w a s  g radua l ly  inc reased  t o  30 p s i g  during t h e  demonstration. The 
e l apsed  t i m e  r equ i r ed  t o  f i l l  t h e  mold w a s  30 min. It i s  apparent  t h a t  t h e  
elapsed t i m e  can b e  reduced s i g n i f i c a n t l y  by i n c r e a s i n g  t h e  mix bowl p r e s s u r e  
and tubing s i z e .  P r o j e c t i n g  t h i s  demonstration method t o  a 260-FL motor fo r -  
ward and a f t  dome i n s u l a t i o n  a p p l i c a t i o n ,  t h e  fol lowing span t i m e s  were esti- 
mated, assuming s i x  segments cast wi th  s i x  molds: 

I n i t i a l  p r e s s u r e  i n  t h e  mix bowl w a s  main- 

Setup Time* 

Cast t i m e ,  fwd 
(600 l b  ea mold)** 

H r  
24 
- 

12 

S h i f t s  
3 

1.5 

Cast t i m e ,  a f t  12 1 . 5  
(600 l b  ea mold)** 

Cure a t  ambient 24 3 

a t  135°F 48 6 

Mold removal 8 1 

F i l l  j o i n t s  between segments 8 1 

Clean-up T i m e  - 
T o t a l  Estimated Span T i m e  152 1 9  

2 - 16 

The completed demonstration u n i t  w a s  cured a t  135°F f o r  48 h r .  
During cu re ,  one edge of t h e  f i b e r g l a s s  mold broke l o o s e  from t h e  case, and 
approximately 20 l b  of material leaked o u t .  The i n t e g r i t y  of t h e  segment w a s  
n o t  a f f e c t e d ,  and on ly  t h e  material l e v e l  i n  t h e  mold w a s  lowered. It w a s  
apparent  t h a t  e i t h e r  a mechanical o r  vacuum seal would b e  r equ i r ed  f o r  f u t u r e  
a p p l i c a t i o n s .  
from t h e  chamber. Radiographic i n s p e c t i o n  showed t h a t  t h e  cured I B C - 1 1 1  seg- 
ment w a s  completely f r e e  of d e f e c t s .  
den t  i n  t h e  sample blocks and mechanical p rope r ty  specimens c u t  from t h e  cured 
setment.  

The mold w a s  removed a f t e r  cu re  and t h e  segment w a s  s t r i p p e d  

This void-free c o n d i t i o n  a l s o  was evi- 

Phys ica l  p rope r ty  v a l u e s  are included i n  F igu re  5. 

* Molds pos i t i oned  a t  0,  60, 120, 180, 240, and 300 degrees  i n  both a f t  and 

** 2 hr/mold, o r  a c a s t i n g  rate of approximately 300 l b / h r .  
forward dome. 
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IV. Process Evaluation (cont) 

D. 40SD-80 DOME INSULATION DEMONSTRATION 

4OSD-80 was demonstrated as a castable, forward and aft head insu- 
lator. The demonstration was identical to the IBC-111 demonstration, except 
for mold retention. In addition to RTV-732 sealant, mechanical stiffeners 
or braces were wedged against the cwners of the mold, as shown"fn the follow- 
ing sketch: 

One hundred twenty lb of 40SD-80 were bottom cast into the fiberglass mold. 
The completed demonstration unit was cured for 24 hr at ambient temperature, 
then at 135'F for an additional 48 hr. Radiographic inspection of the cured 
segment showed no defects. 
blocks and property specimens cut from the cured 40SD-80 segment. 

This void-free condition was evident in the sample 

Mechanical properties of 4OSD-80 specimens taken from this demon- 
stration are included in Figure 5. 
differences in mechanical properties between large (Task 11) and small (Task I) 
batch processing, 40SD-80, the polyurethane material manufactured by American 
Polytherm, showed a significant increase in hardness when processed in a 200-lb 
batch size. The heat generated by the material's exothermic cure reaction was 
observed during small batch mixing. 
during Task I1 mixing and casting to prevent any possibility of premature cure 
in the mixing bowl. The material temperature steadily increased to 110°F dur- 
ing mixing and then leveled-off at this temperature during mold casting. The 
large batch, as-cast material properties, though indicating a much more rigid 
structure than that obtained in small batch processing, are satisfactory for 
large motor dome insulation applications. 

While IBT-100 and IBC-111 showed no marked 

Temperature surveillance was maintained 
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I V .  Process  Evaluat ion ( con t )  

E. IBT-106 PROPELLANT BOOT DEMONSTRATION 

I n s t a l l a t i o n  and seaming of precured V-45 p r o p e l l a n t  boot  segments 
i n  260-SL motors were ve ry  time-consuming ope ra t ions .  
t ive  of t h e  LMISD Program was t o  f i n d  a material and i n s t a l l a t i o n  process  f o r  
p r o p e l l a n t  boo t s  t h a t  would b e  as r e l i a b l e  as t h e  V-45 boo t ,  wh i l e  a t  t h e  same 
t i m e  being f a s t e r  and s impler  t o  i n s t a l l .  

One prime side-objec- 

Toward t h i s  end, IBT-106 w a s  demonstrated as a t rowe lab le ,  pro- 
p e l l a n t  boot material. 
v e r t i c a l  ba t ch  mixer,  and f e d  from t h e  mixing bowl, through t h e  bottom draw-off 
using a p r e s s u r e  diaphragm, i n t o  t h e  forward dome of t h e  motor. 

Mixing w a s  accomplished i n  a 30-gal Baker-Perkins 

The i n t e r i o r  s u r f a c e  of t h e  54-in.-dia chamber forward dome w a s  
r e l e a s e d  wi th  DC-Q-92. The purpose of t h e  release w a s  t o  f a c i l i t a t e  removal 
of t h e  cured material f o r  i n spec t ion .  Also,  i n s t a l l a t i o n  of a p r o p e l l a n t  b o o t  
i n  an a c t u a l  motor w i l l  be  a g a i n s t  a r e l e a s e d  i n s u l a t i o n  s u r f a c e .  

The e n t i r e  forward dome of t h e  motor w a s  covered wi th  0.25-in.- 
t h i c k  material. 
mounted i n  t h e  forward boss  of t h e  dome, as shown i n  F igu re  11. The a c t u a l  
t rowel  used i s  shown i n  F igu re  12. 

The th i ckness  w a s  c o n t r o l l e d  by a manual template/ t rowel  

Various views of t h e  cured IBT-106 p r o p e l l a n t  boot  are shown i n  
Figures  13,  1 4  and 15. 
s u r f a c e  which w a s  i n  con tac t  w i th  t h e  r e l e a s e d  dome. 
IBT-106 material tended t o  adhere t o  t h e  t rowel  s u r f a c e  and subsequent ly  pu l l ed  
away from t h e  r e l e a s e d  s u r f a c e ,  r e s u l t i n g  i n  t h e  noted s u r f a c e  d e f e c t s .  Close 
i n s p e c t i o n  showed t h a t  t h e  d e f e c t s  were only on t h e  s u r f a c e ,  and d i d  n o t  pene- 
trate i n t o  t h e  material. However, every e f f o r t  must b e  made t o  e l i m i n a t e  pro- 
p e l l a n t  boot  d e f e c t s ,  no matter how minor they may be. Two process  changes 
were i n d i c a t e d .  F i r s t ,  t h e  width of t h e  t rowel  s u r f a c e  which is  i n  c o n t a c t  
w i th  t h e  material should b e  smaller. I n  t h i s  way, t h e  tendency t o  p u l l  o r  
d rag  material away from t h e  r e l e a s e d  chamber s u r f a c e s  w i l l  be  reduced. 
t h e  amount of material allowed t o  build-up i n  f r o n t  of t h e  t rowel  should be 
reduced. For t h i s  demonstration, material w a s  f e d  i n t o  t h e  dome through a 
1.0-in.-dia nozzle .  Accumulated material made i t  d i f f i c u l t  f o r  one o p e r a t o r  
t o  move t h e  t rowel .  Thus i t  w a s  necessary t o  remove excess  material. I n  s o  
doing, t h e  material build-up i n  f r o n t  of t h e  trowel w a s  uneven and n o t  i n  
i n t i m a t e  c o n t a c t  w i th  t h e  r e l e a s e d  chamber s u r f a c e .  

Seve ra l  small d e f e c t s  were v i s i b l e  i n  t h e  backside 
During a p p l i c a t i o n  t h e  

Second, 

The o v e r a l l  demonstration r e s u l t s  were encouraging, and i t  w a s  
appa ren t  t h a t  t h i s  method of p r o p e l l a n t  boot  i n s t a l l a t i o n  o f f e r e d  s i g n i f i c a n t  
r a w  material, handl ing,  and i n s t a l l a t i o n  l a b o r  c o s t  s av ings .  
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IV. Process Evaluation (cont) 

F. COMPOSITE JBT-100 DOME/IBT-106 BOOT DEMONSTUTION 

The encouraging results of the IBT-106 propellant boot demonstra- 
tion led to the recommendation that a composite dome insulation and propellant 
boQt installation be evaluated. This recommendation was approved by the NASA/ 
LeRC Pro j ect Manager. 

IBT-100 was demonstrated as a trowelable, forward dome insulator, 
to be followed by installation of an IBT-106 propellant boot. 
stration was a combination of the previous IBT-100 and IBT-106 demonstrations. 
The objective was to demonstrate the installation processes that would be used 
to insulate a large rocket motor, which would include both dome insulation and 
propellant boot installation. 

This demon- 

One-200 lb batch of IBT-100 was processed in a 30-gal Baker-Perkins 
vertical batch mixer. IBT-100 was forced from the mixing bowl through the 
bottom draw-off, and was pressure fed through a nozzle into the head of the 
motor. 

As shown in Figure 16, one-half of the dome section was insulated. 
The thickest sectiQn was 2.0-in., tapered to 0.5 in. at the sidewall. The 
contour was controlled by a manually operated trowel mounted in the forward 
boss of the dome. A pneumatic vibrator was attached to the trowel to permit 
smoother movement of the insulating material. When installation was complete, 
the material was cured at ambient temperature for 48 hr, followed by a 48 hr 
cure at 135°F. The completed demonstration is shown in Figure 17. 

After cure, the insulated dome was removed from the oven. A 
release coat of DC-Q-92 was installed over the IBT-100 surface, as shown in 
Figure 18. A s  shown in Figure 16, IBT-106 material was troweled into a 5.0-in 
long adjacent sidewall section and over the released IBT-100 insulation sur- 
face as a 0.25-in.-thick propellant boot. The trowel configuration and mat- 
erial distribution techniques used reflected the changes described previously. 
The completed demonstration is shown in Figures 19, 20 and 21. The propellant 
boot was cured for 24 hr at ambient temperature, followed by 48 hr at 135°F. 
There were no defects observed in the IBT-106 boot. 
evaluation was euccessful, and showed that this technique of dome insulation 
and propellant; boot installation is attractive for large motor insulation 
system applications. 
evaluating potential NDT inspection techniques during conduct of Contract 
NAS3-12036. 

The composite process 

The completed demonstration will be retained for use in 

Based on this demonstration, the following span times were esti- 
mated for 260-PL motor forward and aft propellant boot installation: 
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1V.F. Composite IBT-100 Dome/IBT-106 Boot Demonstration (cont)  

- H r  S h i f t  

Setup T i m e  8 1 

Fwd Boot I n s t a l l a t i o n  24 3 

A f t  Boot I n s t a l l a t i o n  32 4 
Cure a t  Ambient 24 3 

a t  135°F 48 6 

2 - 16 Clean-up T i m e  - 
T o t a l  Span T i m e  15  2 19 

G .  IBS-107 AND IBS-109 SIDEWALL INSULATION DEMONSTRATION 

Enginering r e p r e s e n t a t i v e s  of The DeVilbiss Company, San J o s e ,  
C a l i f o r n i a ,  were contacted regarding t h e  f e a s i b i l i t y  of spraying IBS-107, 
IBS-109, and Avcoat I1 as s i d e w a l l  i n s u l a t i o n  and p r o p e l l a n t  boo t s .  Equip- 
ment a v a i l a b i l i t y  a l s o  w a s  discussed.  The DeVilbiss Company had been in- 
volved p rev ious ly  i n  development work concerning sp ray -app l i ca t ion  of IBS-109 
as 2.75-in.-rocket case i n s u l a t i o n .  Poor r e s u l t s  w e r e  obtained us ing  spray 
techniques.  Spray performance of IBS-109 w a s  improved wi th  s o l v e n t  a d d i t i o n  
and a p p l i c a t i o n  of h e a t  (180'F) t o  t h e  f eed  l i n e .  The spinning-disc  spray 
technique of IBS-109 i n s u l a t i o n  w a s  s e l e c t e d  e v e n t u a l l y  f o r  t h e  2.75-in. motor. 
Aero je t  provided DeVilbiss w i th  two l - g a l  k i t s  of IBS-107 and IBS-109. The 
materials were evaluated i n  t h e i r  San J o s e  f a c i l i t y  f o r  f e a s i b i l i t y  of spray 
a p p l i c a t i o n s .  Avcoat I1 w a s  n o t  included i n  t h i s  e v a l u a t i o n  because of i ts  
poor e r o s i o n  r e s i s t a n c e  i n  t h e  Task I11 test motor. 

A f t e r  several unsuccessful  a t t empt s ,  a s a t i s f a c t o r y  test pane l  of 
IBS-109 w a s  obtained and d e l i v e r e d  t o  Aero je t  f o r  e v a l u a t i o n .  The IBS-109 
test panel  (6-in.-wide by 12-in.-long) w a s  app l i ed  wi th  two v e r t i c a l  passes 
from a DeVilbiss Model JGA-502-777E spray gun, w i th  a 0.070-in.-dia o r i f i c e -  
nozzle.  The IBS-109 material w a s  mixed i n  accordance wi th  Aero je t  i n s t r u c t i o n s .  
The IBS-109 material  v i s c o s i t y  then w a s  reduced by mixing i n t o  a 30 pe rcen t  
s o l u t i o n  wi th  t r i c h l o r e t h y l e n e  s o l v e n t  and p rehea t ing  t o  190°F. 
tended t o  sag  s l i g h t l y  a f t e r  a p p l i c a t i o n ;  t o  prevent  sagging, t h e  DeVilbiss 
engineer  recommended reducing t h e  p rehea t  temperature t o  150°F. The d a t a  
s h e e t s  prepared by DeVilbiss f o r  t h e  IBS-109 test pane l s  are shown i n  Figures  
22, 23, and 24. The test pane l  experiments were repea ted  using IBS-107 material. 

The material  

Engineers from t h e  DeVilbiss Company's San J o s e  Laboratory demon- 
s t r a t e d  spray a p p l i c a t i o n  of IBS-107 and IBS-109 i n  t h e  54-in.-dia chamber. 
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1V.G.  IBS-107 and IBS-109 Sidewall  I n s u l a t i o n  Demonstration ( con t )  

Two g a l l o n s  of IBS-109 and IBS-107 were processed. A f t e r  mixing, 

IBS-107 material v i s c o s i t y  w a s  reduced w i t h  t r i c h l o r o -  
t h e  IBS-109 material v i s c o s i t y  w a s  reduced by a d d i t i o n  of 0.6-gal of methyl- 
e thyl-ketone s o l v e n t .  
e thylene.  Material w a s  f e d  under p r e s s u r e  through t h e  heat-exchanger i n t o  
t h e  spray gun. 
t o  t h e  gun w a s  water j acke ted .  
160°F. The h o t  water w a s  r ecyc led  back i n t o  t h e  heat-exchanger. Photographs 
of t h e  DeVilbiss Company s p r a y  demonstrations are shown i n  F igu res  26, 27,  and 
2%. 

A s  shown i n  F i g u r e  25, t h e  f eed  l i n e  from t h e  heat-exchanger 
Material temperature a t  t h e  sp ray  gun w a s  

IBS-109 w a s  a p p l i e d  t o  t h e  chamber s i d e w a l l  i n  an area approxi- 
mately 12-in.-wide spanning one-half of t h e  circumference t o  a t h i c k n e s s  of 
0.25-in. Approximately 30-min a f t e r  a p p l i c a t i o n ,  t h e  material n e a r  t h e  ver t i -  
ca l  began t o  sag ,  and e v e n t u a l l y  slumped t o  t h e  bottom of t h e  chamber. 

IBS-107 was app l i ed  t o  t h e  s i d e w a l l  t o  a th i ckness  of 0.05-in. 
A f t e r  a p p l i c a t i o n ,  t h e  sprayed area w a s  r o t a t e d  t o  an overhead p o s i t i o n  and 
allowed t o  set ove rn igh t .  No slump o r  sag was  observed. However, some of 
t h e  material had dr ipped t o  t h e  bottom of t h e  chamber. 

Three conclusions were gathered from t h e s e  demonstrat ions.  F i r s t ,  
m u l t i p l e  a p p l i c a t i o n s  of sp rayab le  material are r e q u i r e d ,  with a t  least  a 
24-hr ambient g e l  t i m e  between a p p l i c a t i o n s .  Thicknesses of 0.05 t o  0.07 
can b e  sprayed a t  each a p p l i c a t i o n .  
g e l  and cu re  is  requ i r ed  t o  prevent  material running o r  d r ipp ing .  Third,  t h e  
s o l v e n t  used t o  reduce material v i s c o s i t y  i s  f lashed-off  during t h e  sp ray  
ope ra t ion ,  s o  t h a t  t h e  material app l i ed  t o  t h e  s i d e w a l l  e s s e n t i a l l y  i s  f r e e  
of r e s i d u a l  s o l v e n t s .  

Second, con t inua l  chamber r o t a t i o n  during 

Spray a p p l i c a t i o n  of s i d e w a l l  and p r o p e l l a n t  boot  material a p p e a r s  
t o  b e  a f e a s i b l e  i n s t a l l a t i o n  technique,  and i s  w e l l  s u i t e d  f o r  automation. 
There are two d i s t i n c t  disadvantages.  F i r s t ,  m u l t i p l e  a p p l i c a t i o n s  are re- 
qu i r ed ,  w i t h  s u f f i c i e n t  g e l  o r  c u r e  t i m e  allowed between a p p l i c a t i o n s  t o  pre- 
v e n t  slump o r  sag.  Second, c o n t i n u a l  chamber r o t a t i o n  during g e l  and c u r e  
i s  requ i r ed .  These disadvantages become only minor inconveniences i f  t h e  
motor i n s u l a t i o n  system i n s t a l l a t i o n  ope ra t ions  are n o t  pacing t h e  o v e r a l l  
motor processing ope ra t ions .  

H. TI-H704B DOME/SIDEWALL INSULATION DEI\IONSTRATION 

TI-H704B wa$ mixed i n  accordance w i t h  t h e  Thiokol Chemical Corpora- 
t i o n  material s p e c i f i c a t i o n  and troweled i n t o  t h e  forward dome of t h e  54-in.- 
d i a  test chamber. The i n s t a l l a t i o n  procedure w a s  t h e  same as t h a t  p rev ious ly  
used f o r  IBT-100 i n s t a l l a t i o n .  
material i n t o  t h e  d e s i r e d  c o n f i g u r a t i o n ,  p a r t i c u l a r i l y  i n  t h e  4.0-in.-thick 
s e c t i o n .  Also,  t h e  material adhered t o  t h e  t rowel ,  and i n  so  doing, 

D i f f i c u l t y  w a s  encountered i n  moving t h e  
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1V.H. TI-H704B Dome/Sidewall Insulation Demonstration (cont) 

continually pulled away from the dome surface. 
conjunction with the regular dome trowel, a satisfactory segment of TI-H704B 
dome insulation was obtained. 
shows that a pneumatic tamping process is required for installation of TI-H704B 
material. 

Using small hand trowels in 

Experience gained in this demonstration clearly 

I. IBT-106 SIDEWALL INSULATION DEMONSTRATION 

This demonstration essentially was a repeat of the first Task I1 
sidewall demonstration. Two aspects of this process evaluation were different. 
First, a spiral pattern was used to demonstrate that sidewall insulation could 
be applied continuously, without stopping to move the trowel to an adjacent 
position. Second, the sides of the trowel were modified to minimize the ridge 
of insulation material formed between adjacent passes. One undesirable result 
of the first IBT-106 sidewall demonstration was the thickness variation en- 
countered at the joint between adjacent passes. 

IBT-106 material was pressure-fed from the mix bowl into the 
annulus of the trowel, as shown in Figures 29 and 30. The trowel gap was set 
to control the insulation thickness to 0.25-in. As shown in Figures 29 and 
30 and in the following sketch, an initial circumferential pass was made, 
followed by three spiral passes: 

Approximately 0.5-in. overlap was maintained between adjace t pas es .  A 
0.5-in.-high ridge of material was formed at the joint between adjacent passes 
and was significantly smaller than the ridge formed during the first demon- 
stration. Material was applied by holding the trowel in a fixed position 
against the sidewall while manually rotating the chamber on the turning rolls. 
The material was cured for 24 hr at ambient followed by 48 hr at +135OF. 
was no evidence of slump or sag during cure. After cure, the ridges were 
removed. The completed demonstration is shown in Figure 31. The cured sheet 
was stripped from the released chamber and cut into 12-in. sections. 
ness continuity ranged from 0.20 to 0.25-in., well within the acceptable 
tolerance allowed for sidewall applications. As concluded previously, this 
method of installing sidewall insulation appears desirable, and can be improved 
significantly by using constant-speed, motor driven turning rolls. 

There 

Thick- 
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V.  CONCLUS 'IONS 

Based*on t h e  r e s u l t s  of t h i s  Task I1 e f f o r t ,  t h e r e  are s e v e r a l  attrac- 
t ive ,  low-cost i n s u l a t i o n  systems which are a p p l i c a b l e  t o  v a r i o u s  s e c t i o n s  of 
t h e  260-FL motor. 
32. It was n o t  t h e  o b j e c t i v e  of t h i s  program t a s k  t o  select t h e  system most 
a p p l i c a b l e  t o  l a r g e  motors. This s e l e c t i o n  w i l l  be  made du r ing  t h e  Task I V  
e f f o r t ,  The Task I1 e f f o r t  w a s  t o  determine i f  a given material could be in-  
s t a l l e d  economically. I n  a d d i t i o n ,  span times, r e p a i r  techniques,  t o o l i n g ,  
and cos t - in f luenc ing  f a c t o r s  were t o  be i d e n t i f i e d .  The fol lowing paragraphs 
summarize t h e  results of t h e  v a r i o u s  material p rocess  e v a l u a t i o n s .  

These cand ida te  i n s u l a t i o n  systems are summarized i n  F igu re  

A. IBT-100 TROWELABLE DOME INSULATION 

IBT-100 p rev ious ly  w a s  used i n  Motor 260-SL-3 as a t rowe lab le  
nozz le  s h e l l  i n s u l a t i o n  material, I n s t a l l a t i o n  w a s  accomplished without  
i n c i d e n t ,  and material performance m e t  t h e  des ign  requirements.  The 260-SL-3 
experience coupled wi th  t h e  experience gained during t h i s  t a s k  e f f o r t  i n d i c a t e s  
t h a t  t rowe lab le  IBT-100 is  an  accep tab le  i n s u l a t i o n  material f o r  l a r g e  motor 
a p p l i c a t i o n s .  Tooling involves  a sweep template/ t rowel  and a s p i d e r  suppor t  
mounted on t h e  motor processing t r u s s  beam. The sweep template  a l s o  w i l l  
serve as an i n s p e c t i o n  t o o l .  R e p a i r  of t h e  cured IBT-100 can be accomplished, 
as t h e  bond s t r e n g t h  of uncured-to-cured material exceeds t h e  p rope l l an t - to -  
l i n e r  bond s t r e n g t h .  Mechanical p r o p e r t i e s  are n o t  a f f e c t e d  by l a r g e  b a t c h  
mixing. 
t han  those  f 9 r  a V-44 system, as shown i n  F igu re  33. 

Estimated span t i m e s  f o r  IBT-100 material dome i n s t a l l a t i o n  are less 

B. IBC-lll/40SD-80 CASTABLE DOME INSULATION 

These materials have no previous u s e  h i s t o r y  i n  l a r g e  motors.  
The process  e v a l u a t i o n  r e s u l t s  show t h a t  bo th  materials can b e  bottom-cast 
i n t o  t h e  motor dome s e c t i o n s .  The vo id - f r ee  cond i t ion  of t h e  specimens t e s t i f y  
t o  t h e  material i n t e g r i t y  t h a t  can be obtained wi th  t h i s  i n s t a l l a t i o n  p rocess .  
The t o o l i n g  requirements i nvo lve  a six-segment mold, w i th  e i t h e r  a vacuum o r  
mechanical r e t e n t i o n  c a p a b i l i t y .  Repair c a p a b i l i t y  of both materials is  accep- 
t a b l e .  The mechanical p r o p e r t i e s  of I B C - 1 1 1  are no t  a f f e c t e d  by l a r g e  ba t ch  
mixing. 40SD-80 on t h e  o t h e r  hand shows a s i g n i f i c a n t  hardness  i n c r e a s e  due 
t o  t h e  exothermic cu re  r e a c t i w  i n  l a r g e  ba t ch  s i z e s .  The material hardenir.g 
does no t  i n t e r f e r e  w i t h  i ts  use  i n  l a r g e  motor a p p l i c a t i o n s .  
s h o r t  p o t - l i f e  of 40SD-80 could p re sen t  processing problems i f  a de l ay  is 
encountered du r ing  t h e  c a s t i n g  ope ra t ion .  

However, t h e  
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V .  Conclusions (cont )  

C .  IBT-106 TROWELABLE SIDEWALL INSULATION 

The accep tab le  process ing  c h a r a c t e r i s t i c s  of IBT-106 as s i d e w a l l  
i n s u l a t i o n  w a s  an  unexpected bonus. Previous ly  i t  was thought t h a t  t h i s  
material w a s  too  v i scous  f o r  s i d e w a l l  (and p r o p e l l a n t  boot )  a p p l i c a t i o n s .  
However, t h e  adap ta t ion  of  t h e  l i n e r  t rowel  f o r  t h i s  a p p l i c a t i o n  provided a 
s a t i s f a c t o r y  and c o n s i s t e n t  method of material d i s t r i b u t i o n .  Constant  speed,  
motor d r i v e n  tu rn ing  r o l l s ;  a l igh t -weight ,  p o r t a b l e  material hold ing  p o t ;  and 
a weighted, mobile t rowel  are t h e  r equ i r ed  too l ing .  Repair  of e i t h e r  uncured 
o r  cured s idewa l l  material i s  accep tab le .  The mechanical p r o p e r t i e s  of IBT-106 
are n o t  a f f e c t e d  s i g n i f i c a n t l y  by l a r g e  ba t ch  mixing. A s  shown i n  F igu re  3 3 ,  
t h e  es t imated  span t i m e  f o r  s idewa l l  i n s t a l l a t i o n  of IBT-106 is  less than  t h a t  
r equ i r ed  f o r  s econdar i ly  bonded V - 4 4 .  

D .  IBT-106 TROWELABLE PROPELLANT BOOTS 

Troweling IBT-106 over  r e l e a s e d  dome i n s u l a t i o n  appears  t o  be  a 
f a s t e r  and s imple r  method o f  p r o p e l l a n t  boot  i n s t a l l a t i o n  than  us ing  precured 
V-45  components. P red ic t ed  r e l i a b i l i t y  i s  unaf fec ted .  Tooling requirements  
i nc lude  both  a forward and a f t  sweep templa te / t rowel ,  and vacuum bags f o r  boot  
r e t e n t i o n  dur ing  movement and p r o p e l l a n t  loading .  

E. IBS-107/IBS-109 SPRAYABLE SIDEWALL INSULATION 

Process  eva lua t ions  w i t h  sp rayab le  IBS-107 and IBS-109 materials 
i n  l a r g e  motors show t h a t ,  whi le  t h i s  technique o f f e r s  p o t e n t i a l  p roduct ion  
c o s t  r educ t ion ,  more development work i s  necessary .  R e s u l t s  of t h i s  program 
showed t h a t  m u l t i p l e  a p p l i c a t i o n s ,  w i t h  a t  least  a 24 h r  cu re  t i m e  between 
a p p l i c a t i o n s ,  are requ i r ed  t o  build-up i n s u l a t i o n  th i cknesses  g r e a t e r  than  
0.10-in.  wi thout  slump o r  s ag .  Cont inua l  chamber r o t a t i o n  dur ing  cu re  a l s o  
i s  r equ i r ed .  

F. TI-H704B TROWELABLE INSULATION 

Process  eva lua t ion  of  TI-H704B shows t h a t  sweep templa te  type  
t rowel ing  techniques w i l l  no t  work wi th  t h i s  material .  TI-H704B m a t e r i a l  was 
used s u c c e s s f u l l y  by TCC i n  two 156-in.-dia motors.  A s p e c i a l  pneumatic 
tamping process  appears  t o  be  t h e  only p r a c t i c a l  i n s t a l l a t i o n  process  f o r  
TI-H704B. 
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IBT-106 Sidewal l  I n s u l a t i o n  Process Evalua t ion  
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DeVilbiss Co. Data Sheet f o r  IBS-109 Sprayable  T e s t  PanelsNos. 3 & 4 
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Spray Application of ITS-109 
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Spray A p p l i c a t i o n  of IBS-107 
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I n s t a l l a t i o n  of IBT-106 Sidewall  I n s u l a t i o n  

F igure  29 
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Installation of IBT-106 Sidewall Insulation 

Figure 30 
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Completed IBT-106 Sidewall Insulation Demonstration 
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FWD DOME 

v-45 
IBT-100 
I B T - ~ O ~ -  1 
IBC-111 
4OSD-80 
TI-H704B 

SIDEWALL 

v-45 
IBT - 106 -2 
IBS-107 
IBS-log 
TI-H704B 

precured components, secondarily bonded; v-61 j o i n t s  
troweled 
troweled 
c a s t  
c a s t  
spec ia l  tamping process 

precured s t r i p s ,  secondarily bonded; lapped j o i n t s  
troweled 
sprayed 
sprayed 
spec ia l  tamping process 

AFT DOME & N O Z Z U  

v-44 precured components, secondarily bonded; v-61 j o i n t s  
USR- 3800 precured components, secondarily bonded; v-61 j o i n t s  
IBT-100 troweled 
IBT- 106- 1 troweled 
IBC-111 cast 
4OSD-80 c a s t  
TI-HT04-B spec ia l  tamping process 

BOOTS 

v-45 precured components, secondarily bonded; Germax V-45 seams 
1 ~ ~ 4 0 6 - 2  t rawe l e  d 
IBS-107 sprayed 
IBS-109 sprayed 
TI-HTObB spec ia l  tamping process 

Candidate Insulation Systems 

Figure 32 
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IBT-100 Trowelable 
IBC-111 Castable 

Propellant Boots 
v-45 
IBT-106 Trowelable 

I N S W T I O N  SPAN TDE, 8 HR SHIFTS 

Actual Actual Actual Estimated 
26061;-1 26osL-2 260s~-3  2 6 0 ~ ~  

Sidewall 
T X r -  183t 

IBT-106 Trowelable - 

For 2 6 0 ~ ~  Motor: 

V-44/V-45 System - 62 Sh i f t s  o r  20.7 Days 

IBT-lOO/IBT-106 System - 49 Shif ts  o r  16.3 Days 

* 2 p l ies  - 0.10 thick 
+x 3 p l ies  - 0.10 thick 
H++ 1 ply - 0.20 thick/V-61 Seams 

Comparison of Estimated Insulation Installation 
Span Times for 260-FL Motors 

Figure 33 
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